Abstract. -Solar type II radio bursts represent the radio signature of shock waves travelling through the solar corona. They are associated with flares, coronal mass ejections (CME's) and interplanetary shocks. Type II radio bursts appear as emission stripes slowly drifting from high to low frequencies in dynamic radio spectra. The spectral features of all solar type II radio bursts observed by the new radiospectrograph of the Astrophysikalisches Institut Potsdam in Tremsdorf during the time period from September 1, 1990 to December 31, 1993, i.e., during the first part of the ULYSSES spacecraft mission, are summarized and statistically investigated.
Introduction
first reported the observations of so-called type II bursts occurring in nonthermal solar radio radiation. In dynamic radio spectra a type II burst appears as an emission band slowly drifting from high to low frequencies. An example of such a type II radio burst is presented in Fig. 1 . These bursts are interpreted as the radio signature of shock waves in the solar corona. Such shock waves can be generated by flares and/or coronal mass ejections (CME's) (Roberts 1959; Smerd et al. 1975; Wild et al. 1972 ) (cf. also Dryer 1982; Nelson & Melrose 1985; Bougeret 1985; Aurass 1992; Mann 1995 as reviews) . Sometimes coronal shock waves are able to penetrate into interplanetary space where they appear as interplanetary shocks. These interplanetary shocks may emit radio waves observed as interplanetary type II radio bursts observed below 1 MHz (Cane et al. 1982; Stone et al. 1984; LengyelFrey & Stone 1989) .
Generally, solar type II radio bursts consist of two components, i.e., the so-called "backbone" and "herringbones" (cf. e.g. Krüger 1979) . The "backbone" is the slowly drifting emission band. The drift rate is roughly −0.1 MHz/s (Nelson & Melrose 1985; Urbarz 1990 ). Most of the "backbones" show a fundamental-harmonic structure (Nelson & Melrose 1985) . In rare cases the third harmonic band is also visible (cf. Fig. 1 ) (Roberts 1959; Kliem Send offprint requests to: G. Mann Tables also available in electronic form via anonymous ftp cdsarc.u-strasbg.fr or ftp 130.79.128.5 et al. 1992; Aurass et al. 1995) . Furthermore, the "backbone" has a great variety of fine structures, e.g., band splitting, multiple lane structures etc. (McLean 1967; Wild & Smerd 1972; Smerd et al. 1975; Nelson & Robinson 1975; Nelson & Melrose 1985) . The "herringbones" are rapidly drifting emission stripes extending to high and low frequencies from the "backbone" in dynamic radio spectra. Twenty percent of all type II bursts are accompanied by "herringbones" (Roberts 1959) . They resemble solar type III radio bursts and are interpreted as the radio signature of electron beams accelerated at the shock wave associated with the type II burst (Nelson & Melrose 1985) . Cairns & Robinson (1987) deduced that these electrons have velocities in the range 0.08−0.4c (c, velocity of light).
Generally, it is assumed that the radio radiation is generated by suprathermal and/or high energy electrons. These electrons excite high frequency electrostatic plasma waves, i.e., upper hybrid waves or Langmuir waves, which scatter on ion density fluctuations and/or low frequency plasma waves and, thus, are converted into electromagnetic (radio) waves escaping the solar corona. Thus, the emission occurs slightly above the local electron plasma frequency. Furthermore, high frequency electrostatic waves can nonlinearily interact with themselves, coalescing into electromagnetic (radio) waves with frequencies approximately twice the electron plasma frequency. Thus, the former and latter mechanisms are responsible for the fundamental and harmonic radiation, respectively (cf. e.g. Krüger 1979) . Benz & Thejappa (1988) argued that the radiation mechanism of the "backbone" is different from that of the "herringbones". Ginzburg & Zheleznyakov (1958) were the first to present a type II burst model based on electron streams accelerated at the shock front. Furthermore, Zheleznyakov (1965) and Zaitsev (1966) proposed that the electric current induced within the shock front becomes unstable and, subsequently, excites Langmuir waves needed for type II burst emission. Later on, Holman & Pesses (1983) and Benz & Thejappa (1988) suggested that solar type II radio bursts are generated by supercritical, quasi-perpendicular, fast magnetosonic shock waves in the corona. On the other hand, Mann & Lühr (1994) recently proposed a mechanism for producing solar type II burst radiation at supercritical, quasi-parallel shock waves.
In this paper the spectral properties of all solar type II radio bursts observed during the time period from September 1, 1990 until December 31, 1993 (cf. Table 1), i.e., since the launch of the ULYSSES satellite are reported. The observations were obtained with the new radiospectrograph of the Astrophysikalisches Institut Potsdam in Tremsdorf. It consists of four sub-spectrometers working in the ranges 40−100 MHz, 100−170 MHz, 200−400 MHz and 400− 800 MHz with a sweep rate of 10 Hz. Further details about this instrument are given by Mann et al. (1992) . Comprehensive studies of observations of solar type II bursts and CME's (Gosling et al. 1976; MacQueen 1980; Wagner 1980; Sheeley et al. 1984; Robinson et al. 1984) showed that CME's with a velocity greater than 400 km/s, which is the case of 41% of all CME's, are associated with solar type II radio bursts and interplanetary shocks, while 30% of all solar type II radio bursts are accompanied neither by CME's nor by interplanetary shocks. Furthermore, some interplanetary shocks are not associated with solar type II radio bursts. Maxwell et al. (1985) reported on a CME event accompanied by a type II radio burst. They showed that the shock wave associated with the type II burst was piston-driven by the CME. On the other hand, Gopalswamy & Kundu (1992) recently concluded by means of simultaneous measurements of type II radio bursts and CME's that solar type II radio bursts are generated by flare blast waves and not by CME's. A detailed knowledge of the properties of solar type II radio bursts and their associated shock waves is important for studying solar related events in the heliosphere as done by the ULYSSES satellite during the time interval under consideration. The URAP experiment aboard ULYSSES (Stone et al. 1992 ) is able to receive the radio radiation in the range 1 kHz − 1 MHz. According to the heliospheric density model ) the 1 MHz plasma frequency level corresponds to a distance of 0.1 AU = 21 solar radii from the Sun. It should be noted, that the 40 MHz plasma frequency level, i.e., the lowest frequency of the observations presented, corresponds to a distance of 2 solar radii from the Sun (Mann et al. 1992) .
In Sect. 2 we describe the data analysis of the observed solar type II radio bursts. The results of the statistical investigation of our data is given in Sect. 3. The paper is closed with some final remarks (Sect. 4). Table 1 includes all solar type II radio bursts detected by the radiospectrograph of the Astrophysikalisches Institut Potsdam in Tremsdorf in the range 40−800 MHz during the time period September 1, 1990 -December 31, 1993. Sixty five of the 100 solar type II radio bursts detected are analyzed to obtain their properties in the dynamic radio spectra, e.g., instantaneous bandwidth, drift rate etc.. These 65 type II bursts (cf. Table 2) are chosen because their spectral features are clearly visible and, consequently, their spectral properties can be determined from the observations. Figure 2 shows a schematic sketch of the dynamic radio spectra of a solar type II radio burst. The instrument employed (Mann et al. 1992 ) records the radio intensity in terms of steps of a grey scale on a black-white film. The radio intensity is measured in arbitrary units. In the frequency range considered (40−800 MHz) the background is largely nonuniform due to the instrumental noise, the galactic background, and the quiet Sun. The gauging of the instrument showed that a jump of the intensity of roughly 3 dB can just yet seen as a jump from one grey step to the next one. The measurements of bursts reported here are carried out as follows. The time is divided in N equidistant intervals of 10 s, i.e., t i+1 − t i =10 s, in each individual dynamic radio spectrum containing a type II radio burst. At each time t i the frequencies f 2) in such a way that the intensity is increasing above the background level by one grey scale step, i.e., an increase of approximately 3 dB, at the threshold. In some cases of the type II bursts investigated the peak intensity exceeds the saturation level, so that the frequency at the peak intensity can not be determined. All parameters are derived from this data set.
Data analysis

Fig. 2. Schematic sketch of the dynamic radio spectrum of a solar type II radio burst
The mean instantaneous width of the fundamental and harmonic band, i.e., (∆f/f) F and (∆f/f) H , are calculated by
respectively. The linear regression analysis of the pairs {f
k t with k = u, l, respectively. Then, the drift rates of the fundamental and harmonic band, D f,F and D f,H , are determined by
respectively. (On the other hand, the drift rate could also be derived from the frequencies at the peak intensity. But this method was not used since the peak intensity can not accurately be determined for all cases.) Generally, the Abbreviations at times: E, early as given; U, later than given event remarks: I, II, III, IV, V; type I, II, III, IV, V burst; UNCLF, unclassified events; B, single burst; S, storm bursts; U, type U bursts; G small group of bursts (< 10); GG, large group of bursts (> 10); C any continuum underlying other events; F, fluctuating continuum; RS, reverse drift bursts; H, herringbones; P, pulsations; Z, zebra bursts; HARM, harmonic emission; SPIKES, spike bursts; DCIM, events in the decimetric range originally measured drift rates of the harmonic bands are roughly twice of those of the fundamental bands. In order to compare both the originally measured drift rate of the harmonic band is divided by 2 as done in Eq. (2) as well as in Table 2 and Sect. 3. Finally, the mean value of the ratio f H /f F for the middle frequencies of the harmonic and the fundamental bands is found by
In Table 2 the mean values and the standard deviation of the instantaneous bandwidths ∆f/f, the drift rate D f , and the ratio f H /f F are listed for all type II bursts analyzed. It should be mentioned that the instantaneous bandwidth and the drift rate are separately determined for the fundamental and harmonic bands as given in Table 2 .
The method of determining the frequencies f u,i leads to some errors in contrast to the deterimation at the 3 dB increase of the intensity. But this error can be considered to be small since our method is roughly the same. Furthermore, the calculation of the instantaneous bandwidth (cf. Eq. (1)), the drift rate (cf. Eq. (2)) and the ratio f H /f F (cf. Eq. (3)) is done by a statistical method, so that the above mentioned errors are reduced by this averaging. Table 2 . List of the spectral characteristics (general spectral structure (fundamental (F), harmonic (H)), instantaneous bandwidth ∆f /f and drift rate Df of the fundamental (left) and harmonic (right) band, respectively, as well as ratio fH/fF ) of the solar type II radio bursts investigated (cf. Table 1 ). The mean values and the standard deviations are given in the last panel
Statistical analysis
The instantaneous bandwidths (cf. Eq. (1)) of the fundamental and harmonic bands of the type II bursts lie in the interval 0.07 ≤ (∆f/f) F ≤ 0.59 with a mean value of (∆f/f) F = 0.26 and 0.07 ≤ (∆f/f) H ≤ 0.74 with a mean value of (∆f/f) H = 0.41, respectively. The corresponding histograms are presented in Figs. 3 and 4 . Combining the instantaneous bandwidths of both the fundamental and harmonic bands, a mean value and a standard deviation (∆f/f) = 0.32 ± 0.14 is obtained with the distribution given in the histogram of Fig. 5 . Generally, the mean value and standard deviation of the drift rate averaged over the whole set of solar type II (3)) between the middle frequency of the harmonic and the fundamental band of the solar type II radio bursts analyzed (cf. Table 2) radio bursts is found to be
It has been shown that the magnitude of the drift rate increases with the starting frequency of type II bursts (cf. e.g. Urbarz 1990; Mann 1995) . This property of type II bursts is confirmed by this study. The corresponding scatter plots of the magnitude of the drift rate -D f versus the starting frequency f st of the individual bursts are presented for the fundamental and harmonic bands as well as for both data sets in the Figs. 6-8, respectively. Note that the half of the originally observed starting frequency has been used for f st in the case of the harmonic bands. The linear regression analysis of the three data sets, i.e., Figs. 6-8) . Here, the data set {−D f,F+H , f st includes all drift rates of the fundamental and harmonic bands.
The analysis of the ratio f H /f F as defined by Eq. (3) provides the distribution presented in Fig. 9 . The values of f H /f F lies in the interval 1.80 ≤ f H /f H ≤ 2.20 with a mean value and a standard deviation of f H /f F = 2.01 ± 0.11
As the Fig. 9 shows, the distribution is sharply localized around this mean value. This result slightly differs from those in previous papers (cf. e.g. Nelson & Melrose 1985) . This difference is caused by the different methods of computing this ratio. In this paper the center-frequency of each emission band is used for calculating this ratio in contrast to the low-frequency edge of these bands as done in previous papers (cf . Maxwell & Thompson 1962) . Taking into account this difference the result of this paper agrees well with that of Maxwell & Thompson (1962) .
Final remarks
In this paper a catalogue of solar type II radio bursts observed during the time period September 1, 1990 until December 31, 1993 (cf. Table 1 ) is presented with several spectral properties (cf. Table 2) of each individual burst. A statistical analysis of these spectral properties has been performed (cf. Sect. 3). An interpretation of the statistical study of the instantaneous bandwidth has been given by Mann et al. (1995) . They concluded that solar type II radio bursts are generated by supercritical, quasi-parallel, fast magnetosonic shocks travelling through the corona.
The observations were done during the first part of the ULYSSES mission. As mentioned above solar type II radio bursts are associated with CME's and interplanetary shocks (cf. Sect. 1), i.e., with large scale disturbances of the heliosphere. Such disturbances and associated particle events can be detected by the instruments aboard the ULYSSES satellite. Thus, the results presented in this paper will be useful for the investigation of solar related phenomena in the heliosphere by means of the data recorded by the ULYSSES satellite.
